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ORIGINAL ARTICLE
Hypothermic circulatory arrest (HCA) is the usual
method of cerebral protection during aortic surgery
involving the aortic arch. It has the advantage of
allowing the surgical procedure to be carried out in
a completely bloodless field. However, this method
only gives the surgeon a limited period of time
to carry out the aortic repair. It also requires that
cardiopulmonary bypass be prolonged to cool and
re-warm the patient, which may be the cause of var-
ious complications.1 Patients in the ninth decade of
life usually have high surgical risk due to signifi-
cant medical comorbidities. In patients undergoing
major aortic surgery with the use of HCA, a clear
correlation has been established between old age
and the incidence of postoperative adverse out-
come, defined as permanent stroke and death.2–8
In addition, the incidence of transient neurologic
dysfunction (TND) has also been shown to in-
crease with age.2–8 Related discussions, such as
whether octogenarians should be considered as
cardiac surgical candidates, have resulted in some
publications concerning the outcome in octoge-
narians who have undergone HCA.9–11 However,
no report has been on a Chinese elderly popula-
tion. This retrospective review was undertaken to
analyze the surgical results in patients over 80 years
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of age who were operated on by one single sur-
geon. All patients who underwent aortic surgery
with the use of HCA were included, whether ap-
proached via a median sternotomy or posterolat-
eral thoracotomy.
Methods
Setting
The National Taiwan University Hospital in Taipei,
Taiwan, is a 2000-bed tertiary care hospital. It serves
an urban population of 2 million people with both
first-line and tertiary facilities. It is also a referral
center for other hospitals in the country, which has
a population of 22 million people.
Patients
Because of diverse surgical techniques and meth-
ods of cerebral protection used in aortic surgery,
only patients who underwent aortic surgery per-
formed by the same surgeon (RB Hsu) were in-
cluded. From October 2000 to September 2007,
12 patients older than 80 years at the time of sur-
gery had operations on the thoracic aorta requir-
ing HCA at the National Taiwan University
Hospital. Information was reviewed retrospec-
tively using data gathered from patient records.
Surgical treatment
The surgical approach was chosen in accordance
with the diseased segment of the aorta. Ascending
aortic repair and total arch replacement were per-
formed via a median sternotomy, whereas iso-
lated distal arch resections or operations on the
proximal descending aorta at the level of the left
subclavian artery were approached via a postero-
lateral thoracotomy. For all ascending aortic 
repairs, an open distal anastomosis was per-
formed. Aortic cannulation depended on the
surgical procedure being performed. In the ear-
lier years of the study, it was either via the as-
cending aorta or the femoral artery. Within the
last 2 years, however, arterial inflow was estab-
lished more frequently via the right subclavian
artery.
Definition
Adverse outcome was defined as in-hospital death
or the occurrence of permanent neurologic in-
jury. A stroke was considered permanent when
patients were discharged with residual neurologic
symptoms. TND was analyzed separately in all
patients who survived the operation, excluding
those who suffered strokes or who never regained
consciousness after surgery. TND was defined as
postoperative confusion, agitation, delirium, pro-
longed obtundation or Parkinson-like symptoms,
with no focal deficit on computed tomography
(CT) or magnetic resonance imaging if these
studies were available.4,10
Results
Patient characteristics
There were seven men and five women; median
age was 83 years (range, 80–87 years). Major
medical comorbidities were present in 10 pa-
tients, with hypertension in seven, diabetes mel-
litus in one, and colon cancer and breast cancer
in one patient each. Other preoperative patient
characteristics are shown in Table 1. The site of
aortic disease was the ascending aorta in seven
patients, aortic arch in one patient and the prox-
imal descending thoracic aorta in four. The un-
derlying etiology was atherosclerosis in five (42%)
patients and acute dissection in seven (58%);
four (36%) patients had ruptured degenerative
aneurysms. Of seven patients with acute dissection,
two had preoperative shock because of massive
hemopericardium and cardiac tamponade. Of four
patients with ruptured degenerative aneurysm,
one had preoperative resuscitation because of
massive hemothorax and three had stable hemo-
dynamics because of contained rupture.
Surgical treatment
The operative data are shown in Table 2. Of the
entire cohort, three patients were operated on
electively and nine patients on an emergency
basis (within 24 hours after admission). The op-
erative procedures were seven ascending aortic
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replacements, one total arch replacement, and four
descending thoracic aortic replacements. The me-
dian duration of HCA was 50 minutes (range,
15–84 minutes). The median duration of car-
diopulmonary bypass was 188.5 minutes (range,
137–354 minutes). The method of brain protec-
tion during hypothermia was partial selective 
antegrade cerebral perfusion through the right
subclavian artery in five patients, retrograde cere-
bral perfusion through the superior vena cava in
two and HCA alone in five patients.
Operation was performed through median
sternotomy in eight patients. One 83-year-old man
with no past medical disease had acute hoarse-
ness. Chest film showed a widened mediastinum
and marked tracheal deviation. Chest CT showed
a huge pseudoaneurysm over the aortic arch. He
underwent total arch replacement under deep
HCA of 84 minutes. His postoperative course was
complicated with transient parkinsonism-like
movement.
Operation was performed through thoracot-
omy in four patients. One 83-year-old man with
a medical history of hypertension and dementia
had acute shock and resuscitation. Chest film
showed massive left pleural effusion and chest CT
showed a ruptured aneurysm over the descending
thoracic aorta. He underwent total descending
thoracic aorta replacement under deep HCA of
50 minutes. His postoperative course was smooth.
Clinical outcome
As shown in Table 2, the hospital mortality rate
was 8% (1/12). The only hospital death occurred
in an 84-year-old patient with acute type acute
aortic dissection who presented with shock and
multiple organ failure before operation. He un-
derwent emergency operation because of persis-
tent shock, but he died of sepsis and multiple
organ failure 4 weeks after the operation. Major
postoperative complications occurred in six (50%)
patients. There was no stroke. TND occurred in
two (17%) patients, and re-operation for bleeding,
superficial sternal wound infection, pleural effu-
sion, and postoperative atrial fibrillation was
performed in one patient each.T
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Follow-up was complete, with a follow-up
duration ranging from 1 to 79 months. Late death
occurred in an 83-year-old man with ruptured
proximal descending thoracic aneurysm. He died
of pneumonia and sepsis 12 months after opera-
tion. All other patients are doing well without
events.
Discussion
Octogenarians represent a rapidly growing and
substantially undertreated sector in industrialized
countries, with coronary artery disease, degenera-
tive valve disease, and aortic aneurysm rampant.
The proportion of elderly patients undergoing
cardiac surgery is rising steadily and outcomes
continue to improve with the refinement in op-
erative techniques and perioperative care.12–16
Octogenarians who undergo cardiac surgery have
more comorbidities and higher mortality. Age
alone has been shown to influence outcomes after
cardiovascular surgery. Rates of postoperative stroke
and mortality are considerably higher, and the du-
ration of hospitalization is usually prolonged.15,16
Although the clinical outcome for elective surgery
in octogenarians is satisfactory, there is a marked
increase in morbidity and mortality for emergency
cases.15,16 These facts have led to controversy as to
whether patients in the ninth decade of life should
be accepted for more complex and emergency
cardiovascular surgery.
Thoracic aortic aneurysms are usually con-
sidered serious diseases since they require com-
plex operative intervention in order to prevent
rupture, dissection or death. Advancing age has
been identified as one of the risk factors for rup-
ture. Unanticipated rupture is usually fatal and
emergency surgery has prohibitively high rates 
of mortality and morbidity. Surgical repair of
aortic aneurysms involving the aortic arch re-
quires cardiopulmonary bypass, deep hypother-
mia and circulatory arrest, and is associated with
considerable morbidity and mortality. With an
increasing proportion of octogenarians in Taiwan,
the number of elderly patients referred for T
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cardiovascular surgery has increased. In our hos-
pital, there were no octogenarians who under-
went aortic surgery requiring HCA before 2000.
Except for the first patient, who died of sepsis in
2000, the first successful case of an octogenarian
undergoing aortic surgery requiring HCA was per-
formed in 2001. More and more cases of aortic
surgery in octogenarians have been performed
successfully, and there has been no hospital mor-
tality thereafter.
Previous studies clearly show that the chances
of hospital mortality and adverse outcome in pa-
tients who undergo aortic surgery requiring HCA
increase with acute dissection, distal aortic dis-
ease, resections of the aortic arch and proximal
descending aorta via a lateral thoracotomy and
emergency operation.1–11 A brief summary of the
surgical results in previous studies and the present
series is shown in Table 3. The hospital mortality
rate ranged from 8.4% to 42.6%. Neurologic com-
plications were permanent stroke in 3–20% and
TND in 10–73%. The rates of mortality and mor-
bidity were even higher in the elderly popula-
tion. Our results show that octogenarians who
undergo procedures involving HCA have an over-
all in-hospital mortality of 8%, which compares
favorably with that in other similar studies.1–11 In
our patients who underwent emergency opera-
tions for acute dissection or ruptured aneurysm,
the hospital mortality rate was 11%. There was no
mortality in our elective patients. The neurologic
complication rate of 17% (all transient) in this
entire elderly cohort also seems quite acceptable in
such a high-risk group of patients. The long-term
outcome was also good, with only one late death.
During the interval under study, no patients were
refused operation at our center because of ad-
vanced age, but we cannot assess the possible im-
pact of selection of better-risk patients by referring
physicians. Nevertheless, our results justify aortic
surgery using HCA in octogenarians.
A high incidence of neurologic complication
occurs after operations that require HCA. Two
forms of neurologic complication include perma-
nent stroke and TND. Risk factors for stroke and
TND include acute dissection, diabetes mellitus,
peripheral arterial disease, concomitant valve sur-
gery, age and duration of HCA.1–11 To preserve
neurologic function and to extend the duration
of HCA, several adjuncts, particularly retrograde or
antegrade cerebral perfusion, were implemented
to further enhance cerebral perfusion.1 The benefit
of retrograde cerebral perfusion remains to be
proved. In our study, the use of retrograde cerebral
perfusion failed to decrease the incidence of TND.
In contrast, antegrade cerebral perfusion was as-
sociated with improved cerebral recovery and could
be used with moderate hypothermia.17–19 In the
present study, the method of brain protection
during HCA was partial selective cerebral perfu-
sion in five patients, retrograde cerebral perfusion
in two patients and arrest alone in five. We were
unable to show any beneficial effects of antegrade
perfusion on the incidence of TND because of the
small number of patients included. However, in
order to reduce the incidence of TND, our current
strategy of cerebral protection relies principally
on antegrade cerebral perfusion as an adjunct 
to HCA when longer durations of HCA are antic-
ipated. The use of alternative cannulation sites
(the right subclavian or left subclavian artery)
and selective antegrade cerebral perfusion may
prove beneficial in reducing strokes and stroke-
related mortality, and this belief also influences
our current strategy.
This study was limited by small case number
and it was difficult to further analyze the risk fac-
tors for postoperative neurologic and other major
complications. However, this study provided data
on the surgical outcome of aortic surgery with
HCA in octogenarians in Taiwan.
In conclusion, aortic surgery requiring HCA is
increasingly common in Taiwan. Although post-
operative complications are common, the clinical
outcome is acceptable.
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